Activation of the renin-angiotensin system (RAS) is thought to promote myocardial fibrosis. However, it is unclear whether this physiological fibrotic response results from chronic hemodynamic stress or from direct cellular signaling. Male C57B/6 mice were randomly assigned to receive angiotensin II (AngII) (2.0 lg kg À1 min À1 ), AngII+hydralazine (6.9 lg kg À1 min À1 ) or saline (control) via osmotic pumps for 7 days. Blood pressure was measured via noninvasive plethysmography. Hearts were harvested and processed for analysis. Cellular infiltration and collagen deposition were analyzed using histological staining. Molecular mediators were assessed using quantitative RT-PCR. As previously described, animals that received AngII developed hypertension and multifocal cellular infiltration by SMA + /CD133 + fibroblast progenitors followed by collagen deposition. The coadministration of hydralazine with AngII completely inhibited the hypertensive effects of AngII (Pp0.01) and resulted in minimal cellular infiltration and minimal collagen deposition. These findings were in the context of persistent RAS activation, which was evidenced by elevation in serum aldosterone levels in animals that received AngII or AngII+hydralazine compared with animals that received saline. At the molecular level, infusion of AngII resulted in the significant upregulation of profibrotic factors (connective tissue growth factor-7.8±0.7 fold), proinflammatory mediators (TNFa-4.6±0.8 fold; IL-1b-6.4±2.6 fold) and chemokines (CCL2-3.8 ± 1.0 fold; CXCL12-3.2 ± 0.4 fold), which were inhibited when hydralazine was also infused. We provide evidence that myocardial infiltration by fibroblast progenitor cells secondary to AngII and the resultant fibrosis can be prevented by the addition of hydralazine. Furthermore, the beneficial effects of hydralazine were observed while maintaining RAS activation, suggesting that the mechanism of fibrosis is blood pressure dependent.
INTRODUCTION
There is growing evidence that the renin-angiotensin system (RAS), specifically angiotensin II (angII), is implicated in the development of myocardial fibrosis, a common pathological feature of many cardiovascular conditions. 1-4 RAS activation and increased levels of AngII can be seen in patients with cardiovascular diseases, including atherosclerosis, hypertension, cardiac hypertrophy and heart failure. 1, 5, 6 Conversely, inhibition of RAS activation by angiotensin receptor blockade has been shown to significantly improve patient survival and limit the progression of cardiac remodeling and heart failure. 7 Investigations in small animals have confirmed that AngII exposure can result in myocardial fibrosis. [8] [9] [10] [11] [12] [13] [14] [15] Such experiments have supported a direct relationship between RAS activation via AngII and fibrosis. Animal models of fibrosis using AngII have proven very helpful in understanding some of the molecular events leading to the development of fibrosis. However, AngII is also a potent vasoconstrictor capable of causing significant hypertension, making it difficult to dissociate the effects of hypertension vs. AngII on the myocardium. In fact, whether hypertension or RAS activation is the mechanism responsible for remodeling has been a longstanding debate. 9, 16 Using a mouse model of AngII infusion, our laboratory has been able to characterize the early molecular and cellular events occurring in the myocardium within 1 week of exposure to AngII. We have shown that animals exposed to AngII develop hypertension and early infiltration (1 day) by fibroblast progenitor cells known as fibrocytes. 17 We and others have also provided evidence that strategies to limit the migration of fibrocytes inhibit the development of fibrosis, supporting an effector role for these cells.
In this manuscript, we have utilized our experience with the AngIIinfusion model to better characterize early events in the development of fibrosis. Specifically, we evaluated the effects of RAS activation in the absence of hypertension using the antihypertensive drug hydralazine, which acts on smooth muscle cells as a vasodilator independent of the RAS system.
METHODS Animals
All work was approved by Dalhousie University's, University Committee on Laboratory Animals. Male C57BL/6 mice, ranging from 7-8 weeks of age, were purchased from Jackson Laboratory (Bar Harbour, ME, USA) and were housed within the Medical Sciences Animal Care Facility at Dalhousie University. The mice were provided with food and water ad libitum for 1 week before experimentation. Animals were anesthetized with isoflurane (Baxter Healthcare, New Providence, NJ, USA) in oxygen, delivered by a Fortec vaporizer (Cyprane, Keighley, UK). When surgical levels of anesthesia were reached, a 1-2-cm midscapular skin incision was made and a mini osmotic pump (Alzet, Palo Alto, CA, USA) was inserted subcutaneously. The incision was closed using 7-mm wound clips. Animals were randomly assigned to receive AngII (n¼10, 2.0 mg kg À1 min À1 , Sigma-Aldrich, Oakville, ON, Canada), AngII and hydralazine (n¼4, 6.9 mg kg À1 min À1 , Sigma-Aldrich) or a vehicle control of saline (n¼10). The pumps remained in place for 7 days, during which the animals were provided with food and water ad libitum and observed for signs of morbidity. Before euthanization, blood pressure measurements were taken via the Coda2 noninvasive cuff system (Kent Scientific, Torrington, CT, USA) for a minimum of five consecutive measurements per animal. Experience in our laboratory and findings from others have shown that blood pressure measurements taken at the completion of the experiment reflect changes that have been stable over several days, supporting our approach to measure blood pressure at 7 days. 18, 19 Animals were then anesthetized, blood was collected and the hearts were harvested and divided along the short axis into three portions, including the base, middle and apical sections. The base portion was processed for histological examination, whereas the other two portions were snap frozen immediately for molecular analysis.
ELISA for aldosterone
The collected blood was allowed to clot at room temperature, and the serum was collected after the sample was centrifuged at 600Âg for 10 min. The samples were aliquoted and stored at À80 1C until required for the ELISA assay. Serum aldosterone levels were assessed using a standard ELISA kit (Cayman Chemical Company, Ann Arbor, MI, USA) as per the manufacturer's instructions. Briefly, serum samples were diluted 1:4 and plated out in triplicate, along with recommended controls. The plate was covered and incubated for 18 h at 4 1C. The plate was then developed for 1.5 h while shaking and was read at 420 nm. The total concentrations for each sample were calculated, averaged and compared between groups.
Histological analysis
The hearts were fixed in 10% formalin, embedded in paraffin and serially sectioned (5 mm). The basic myocardial histology and cellular infiltration were examined using heart cross-sections stained with hematoxylin and eosin. A blinded observer quantified the infiltrating cells by counting the number of grids affected within an image of an entire heart cross-section at Â5 magnification (one section per animal), based on a previously published gridscoring method to quantify the degree of cellular infiltration between groups. 17 
Collagen deposition
Collagen detection was accomplished using Sirius red and fast green stains and quantified as previously described. 17 Briefly, slides were examined under a microscope with the Â10 objective and areas of collagen deposition were captured with a digital camera. Image analysis software was used to quantify the amount of tissue that was positive for Sirius red. Four images per section from each individual animal were averaged, and the experimental groups were compared with control animals.
Immunohistochemistry
Immunohistochemistry for CD133 (Abcam, Cambridge, MA, USA), a-smooth muscle actin (SMA; Sigma-Aldrich), and Ki67 (Sigma-Aldrich) was performed as previously described. 17 Briefly, endogenous peroxidases and nonspecific staining were blocked to prevent nonspecific staining. Each section was incubated with the relevant antibody followed by the relevant biotin-conjugated secondary antibody (Vector, Burlington, ON, Canada). The antibody complexes were then conjugated to an avidin-biotin complex (Vectastain ABC kit; Vector) and developed using 3,3¢ diaminobenzidine as the chromogen (DakoCytomation, Burlington, ON, Canada). Light microscopy was performed and pictures were captured and analyzed in Adobe Photoshop 5.0 (San Jose, CA, USA).
Relative quantitative polymerase chain reaction (qRT-PCR)
Using the TRIzol reagent (Gibco-BRL, Gaithersburg, MD, USA), RNA was isolated from the snap frozen myocardium as per the manufacturer's protocol. First strand cDNA was synthesized from 1 mg of total RNA using an iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA).
Relative qRT-PCR was completed using 12.5 ng of input cDNA with 0.5 mM of each of the forward and reverse primers, and 1Â iQ SYBR Green Supermix (Bio-Rad) was subjected to qRT-PCR using an iQ5 Multicolor Real-Time PCR Detection System thermocycler (Bio-Rad). Standard curves for efficiency and no-template control samples were run along with the samples during thermocycling. A melting curve was performed after thermocycling was complete to ensure target specificity. The primers were designed against the mRNA sequence of the selected growth factor or cytokine, as shown in Table 1 . Expression was normalized to the 18s ribosomal gene using the Pfaffl method.
In vitro-primary fibroblast isolation and proliferation assay
Mouse skin fibroblasts were isolated from ear clippings. The clippings were mechanically diced and enzymatically digested with collagenase type II (1.63 mg ml À1 in Dulbecco's modified essential media) for 30 min at 37 1C with 5% CO 2 (Invitrogen, Burlington, ON, Canada). The isolated cells were plated on 0.1% gelatin (Sigma) coated tissue culture flasks and allowed to grow to 80% confluence before use. All assays were performed using isolated cells before five passages.
A BrdU assay for the assessment of relative proliferation was completed according to the manufacturer's protocol (Millipore, Billerica, MA, USA). In brief, primary fibroblasts were plated on 96-well culture plates, allowed to adhere overnight and serum starved for 24 h before treatment. The cells were then treated with either saline as a control, AngII (100 nM), hydralazine (40 nM) or AngII+hydralazine for 6 h, at which point the BrdU reagent was added to the culture plate. After 24 h from the time of treatment, the plates were fixed, dried and stored at 4 1C until analysis. Plates were then incubated with primary antiBrdU antibody, washed, incubated with secondary biotin-conjugated anti-goat antibody, washed, incubated with substrate, stopped and read at 490 nm.
Statistical analysis
One-way ANOVAs were completed on all quantitative data, using the Newman-Keuls post-test to compare the experimental groups to the saline control. Our level of significance was set as Pp0.05. All statistical calculations were computed using GraphPad Prism 4 software (La Jolla, CA, USA).
RESULTS

Model establishment
The animals were randomly assigned to one of three experimental groups and infused with one of the following: (a) AngII 
TCAACTTTCGATGGTAGTCGCCGT TCCTTGGATGTGGTAGCCGTTTCT Forward and reverse primers (5¢-3¢ orientation) used for qRT-PCR.
Fibrocyte migration is blood pressure dependent NL Rosin et al (2.0 mg kg À1 min À1 , n¼10); (b) AngII with hydralazine (6.9 mg kg À1 min À1 ; n¼4) or (c) saline (control, n¼10). Infusion of AngII, a known vasoconstrictor, resulted in a significant increase in mean arterial blood pressure compared with the saline control (Figure 1) . Coadministration of AngII with hydralazine allowed normalization of the blood pressure to levels similar to those of the saline control animals ( Figure 1a ). Furthermore, hydralazine also inhibited the myocardial hypertrophic effects of AngII, as the AngII+hydralazine animals had a significantly lower heart weight/body weight ratio ( Figure  1b) , which was comparable to that of the saline controls (AngII, 6.7 ± 0.3 mg g À1 ; AngII+hydralazine, 5.7 ± 0.2 mg g À1 ; saline, 5.2±0.2 mg g À1 ). Serum levels of aldosterone were evaluated using a standard ELISA and showed that AngII and AngII+hydralazine animals had elevated serum aldosterone levels compared with the saline controls, although significance was not reached (Figure 1c ). Taken together, our findings suggest that the hypertensive effects of AngII can be controlled with the antihypertensive agent hydralazine while maintaining RAS activation, thus creating a model with which to examine the early cellular and molecular events occurring in these animals.
Myocardial fibrosis
The degree of myocardial fibrosis in experimental animals was determined by quantifying the collagen depositions within the myocardium using heart sections stained with Sirius red, as previously described. 17 AngII infusion resulted in multifocal areas of extensive collagen deposition compared with saline-infused control animals (Po0.01; Figures 2a and b) . When hydralazine was also infused, there was a significant reduction in collagen deposition evident within the myocardium, which approached levels seen in the saline controls, expressed as the percentage surface of an area of myocardium affected (Po0.01; Figures 2c and d) . These findings were confirmed by evidence of significant collagen-1 transcript upregulation in AngII animals (103.0 ± 36.2 fold), with levels returning to baseline when hydralazine was coadministered (Po0.01; Figure 2e ).
Cellular infiltration
Previous work from our laboratory has shown that myocardial fibrosis is temporally preceded by the infiltration of fibroblast progenitor cells into the myocardium. 17 In the present experiment, AngII exposure resulted in multi-focal areas of cellular infiltration and myocyte loss compared with saline controls (Figures 3a and b) . When the animals were given AngII in combination with hydralazine, minimal cellular infiltration was identified after 7 days of exposure (Figure 3c) . We have adapted a grid-scoring method to quantify the degree of cellular infiltration between groups, confirming that significant myocardial cellular infiltration was evident in AngII-exposed animals and was inhibited by hydralazine (Po0.01; Figure 3d ). The cells that were observed to infiltrate the myocardium were mononuclear in appearance, with no evident polymorphonuclear cells. Immunohistochemistry was used to confirm that a significant proportion of the cells observed in AngII-exposed animals were SMA + /CD133 + fibrocytes, as previously reported (Figure 4) . 17 In contrast, animals that received both AngII and hydralazine had minimal infiltration by SMA + / CD133 + cells. Taken together, our findings confirm that myocardial fibrosis is dependent upon the accumulation of SMA + /CD133 + fibrocytes before extracellular matrix deposition and that this process is blood pressure dependent, given that hydralazine can inhibit this response.
Myocardial profibrotic cytokine environment
Transcript levels of a well-known profibrotic factor, connective tissue growth factor (CTGF), were significantly increased in the myocardium at 7 days (7.8 ± 0.8 fold) after AngII exposure (P¼0.008; Figure 5 ). The coadministration of AngII with hydralazine resulted in a significant reduction in CTGF back to baseline levels seen in the saline control animals ( Figure 5 ). Similar findings were observed for the proinflammatory cytokines TNFa (4.6±0.8 fold) and IL1b (6.4±2.6 fold) in animals receiving AngII, with a return to baseline in the animals coadministered AngII+hydralazine (Po0.05; Figure 5 ).
Myocardial chemokine expression associated with fibrocyte migration To investigate which factors in the myocardial microenvironment may be recruiting the infiltrating cells, we used relative qRT-PCR to assess the transcript levels of the cytokines that are chemotactic for fibroblast progenitor cells, CXCL12 and CCL2. 20, 21 There was a significant increase in CXCL12 mRNA (3.2±0.4 fold; P¼0.008) expression in the myocardium of animals exposed to AngII at 7 days compared with the baseline expression of the normalized housekeeping gene ( Figure 6 ). Similarly, there was a significant increase in CCL2 mRNA expression in the myocardium of AngII-exposed animals (3.8±1.0 fold; P¼0.015). The addition of hydralazine resulted in complete inhibition of the upregulation of CXCL12 and CCL2 in the myocardium, resulting in levels similar to those seen in the control animals ( Figure 6 ).
Effects of hydralazine at the cellular level
The effects of hydralazine, other than those resulting from vasodilation and blood pressure reduction, were also investigated. We first looked at the induction of the transcription factor hypoxia-inducible factor 1 (Hif1), which has been suggested as a downstream effector of hydralazine. The transcript levels, measured by qRT-PCR, were significantly increased after 7 days of AngII exposure (5.0 ± 0.8 fold; Figure 1 Establishing the model. Hemodynamic measurements were taken via a tail cuff blood pressure system (7 days) and compared between groups, with systolic blood pressure findings shown as mean ± s.d. (a). The cardiac mass index was expressed as heart weight/body weight ratio at 7 days (b). Serum levels of aldosterone at 7 days were measured by ELISA and expressed as pg ml À1 (c). **Po0.01.
Fibrocyte migration is blood pressure dependent NL Rosin et al P¼0.016); however, when hydralazine was administered in combination with AngII, the levels of Hif1 were not elevated but were similar to baseline levels seen in the control animals ( Figure 7 ).
Our previous work has shown that in areas of myocardial infiltration by fibrocytes, a significant number of these cells are proliferating. 17 We therefore investigated the effects of hydralazine on proliferation both in vivo and in vitro. As previously described, the infiltrating SMA + /CD133 + cells were shown to have a high proliferative index, as demonstrated by strong positivity for Ki67 after AngII exposure. In contrast, animals that received both AngII and hydralazine had a significant reduction in the positivity for Ki67, suggesting that hydralazine may affect the proliferation of fibrocytes (Figure 8 ). To confirm these findings we used an in vitro assay with primary fibroblasts, assessing the relative proliferation of primary Figure 2 Myocardial fibrosis. The collagen deposition in heart sections from the experimental groups was assessed using a standardized Sirius red and fast green stain. Representative sections are shown from control animals (a), 7 days AngII-exposed animals (b) and 7 days AngII+hydralazine-exposed animals (c). Collagen in the heart sections was quantified using image analysis software and expressed as the percentage area affected (d). Collagen deposition was also quantified using whole heart extracts and processed for qRT-PCR for pro-collagen-1 (e). Images were captured at Â25. **Po0.01, *Po0.05. 
DISCUSSION
AngII infusion models have been well described and are known to result in increased blood pressure, myocardial hypertrophy and a characteristic extracellular matrix deposition within the myocardium that is typical of myocardial fibrosis. 20, 22, 23 In the mouse model used here, the physiological response to AngII resulted in blood pressure elevation and the early development of myocardial hypertrophy within 7 days of exposure. Using this model, we attempted to create a situation in which RAS upregulation via AngII infusion was maintained without the resultant hypertensive response. We achieved this by coadministration of hydralazine. Hydralazine was chosen based on its antihypertensive properties of lowering blood pressure in a dose-dependent manner without acting on AngII receptors. 24, 25 RAS upregulation was demonstrated in the animals that received AngII+hydralazine, as evidenced by a significant elevation in serum aldosterone, which is a downstream mediator and marker of RAS activation. Our primary observation using this model was that the addition of hydralazine to AngII resulted in normalization of the blood pressure and inhibition of the fibrosis that is normally seen in animals receiving AngII. Taken together, these results indicate that AngII and its effects on promoting myocardial fibrosis appear, at least in part, to be blood pressure dependent.
Studies from our laboratory and other research groups have recently identified bone-marrow-derived fibroblast progenitor cells as the primary cells recruited to the myocardium before the development of fibrosis. 17, 26 We were able to show minimal infiltration by SMA + / CD133 + fibrocytes in animals receiving AngII+hydralazine compared with animals receiving AngII. These findings support a direct relationship between cell migration and the development of fibrosis. Fully characterizing the mechanism by which AngII results in myocardial fibrosis is beyond the scope of this manuscript. However, using our model, in which RAS upregulation was maintained without hypertension, we explored key pathways previously described as potentially being involved in promoting fibrogenesis. We chose to assess CTGF as a profibrotic cytokine based on evidence that it is produced by cardiomyocytes, providing a mechanism by which AngII acts directly on the myocardium and promotes a profibrotic environment. AngII has been shown to increase CTGF expression within the myocardium and specifically in cardiomyocytes in vitro. 27,28 CTGF also appears to be capable of inducing both profibrotic and proinflammatory gene expression in cultured cardiomyocytes. 29 In fact, CTGF has been suggested to be the primary mediator of AngII-induced myocardial fibrosis. 30 Our findings suggest that CTGF, which was significantly upregulated in AngII-exposed animals, was completely inhibited by the administration of hydralazine. Similar findings were observed with the classic proinflammatory cytokines TNFa and IL1b. Although we provide no direct evidence that hydralazine inhibits the production of these cytokines, we provide strong evidence of an association between early fibrocyte migration and profibrotic cytokine production in the myocardium.
Interactions between chemokines and their respective receptors have emerged as key mechanisms in the directed migration of leukocytes and fibrocytes. [31] [32] [33] [34] [35] Fibrocytes have previously been Fibrocyte migration is blood pressure dependent NL Rosin et al shown to express the chemokine receptors CCR7 and CXCR4. [36] [37] [38] Recently, Haudek et al. 26 was able to show that CCR2 has a critical role in regulating fibrocyte migration in a model of myocardial fibrosis. Using CCR2 À/À animals, they were able to show a significant reduction in AngII-dependent fibroblast progenitor cell migration (fibrocytes) and a reduction in fibrosis. In the present manuscript, we did not attempt to modulate fibrocyte migration by blocking specific chemokines. However, our findings support previous studies by others that have suggested a key role for CXCL12 and CCL2 in regulating fibrocyte migration and accumulation.
It is generally assumed that fibroblasts and myofibroblasts are the cells responsible for extracellular matrix deposition. As such, there is a large body of literature that supports the direct effects of AngII, via the AT1 receptor, in promoting fibroblast proliferation, myofibroblast differentiation and fibrosis. [12] [13] [14] [15] We provide evidence that the interaction of AngII with its receptor may be sufficient, but not necessary, for fibrosis. Our findings are in keeping with other studies that have suggested that the effects of AngII on fibrosis are blood pressure dependent. 24, 25, 39 Some reports have even suggested that blood pressure can affect the migration of fibrocytes (CD45 + /SMA + ) into the myocardium, but these reports did not elucidate a definitive mechanism. 25 In contrast, transgenic mice that overexpress the AT1a receptor and develop hypertrophy and fibrosis do so without developing hypertension, emphasizing the multifactorial pathways capable of promoting extracellular matrix deposition and fibrosis. 40 However, these findings were based on transgenic mice that had abnormal RAS regulation based on overexpression of only the AT1 receptor. Data from spontaneously hypertensive models suggest that hydralazine was unable to fully inhibit the development of fibrosis, but these findings can be explained by mechanisms independent of RAS activation. 41 In contrast to our findings in the present manuscript, there are examples in the literature of cases in which a reduction in blood pressure to normotensive levels did not abrogate organ damage, suggesting that fibrosis may be blood pressure independent under certain circumstances. 41, 42 However, some of these studies had other important differences that should be taken into consideration, such as the presence of metabolic syndrome using genetically mutated mice, in which obesity, dietary supplementation, glucose intolerance and hyperinsulinemia likely contributed to end organ damage. 41 The same can be said for a model combining aldosterone administration, uninephrectomy and a high salt diet, in which increased load on the remaining kidney likely contributed to organ damage. 42 Furthermore, hydralazine has traditionally been administered in the drinking water, whereas in the current study, we used a more direct administration of hydralazine through an osmotic mini-pump, providing a constant dosage over time. 42, 43 Our approach may have resulted in a higher effective dose, as the drug was delivered more directly to the circulation.
Some experimental studies have shown a beneficial effect of mineralocorticoid antagonists in reducing myocardial fibrosis that was suggested to be independent of blood pressure effects. These results have been explained by reductions in myocardial oxidative stress, suggesting that oxidative stress may be the common pathway by which AngII activation and hypertension can lead to myocardial fibrosis. 44, 45 Although we did not specifically examine oxidative stress, our findings suggest that aldosterone upregulation may not be sufficient for fibrosis, given the absence of fibrosis in AngII+hydralazine animals that had increased levels of aldosterone in their serum. Finally, the mechanisms should be considered by which hydralazine might reduce fibrosis, other than its antihypertensive effect. One mechanism that was recently suggested is that hydralazine may induce Hif1, which can in turn affect multiple genes as a transcription factor that mediates adaptive responses to injury, such as ischemia. 46, 47 Our findings support a significant upregulation of Hif1 with AngII exposure but, when coadministered with hydralazine, Hif1 levels returned to baseline. From our data, it is not possible to conclude that hydralazine has any direct effect on Hif1. We can conclude only that in animals without hypertension or myocardial histological changes that are receiving AngII+hydralazine, there appears to be no significant upregulation in mRNA encoding Hif1.
In the present manuscript, we attempted to separate RAS activation from hypertension and thereby identify potential mechanisms for the Figure 8 Cellular effects of hydralazine. Immunohistochemistry for Ki67 was used to illustrate the proliferative index of infiltrating fibrocytes. Representative sections from animals receiving saline (a), AngII (b) or AngII+hydralazine (c) are shown. Images were captured at Â63. The BrdU assay for proliferation was used on primarily isolated fibroblasts after exposure to saline, AngII, hydralazine or AngII+hydyralazine (d). Relative proliferation was expressed as the fold increase compared with serum-free media. *Po0.05.
Fibrocyte migration is blood pressure dependent NL Rosin et al development of myocardial fibrosis. This separation was necessary because the downstream effects of RAS activation that lead to myocardial fibrosis are not fully characterized. Clinical trials published to date using RAS blocking agents, such as angiotensin receptor blockers and angiotensin converting enzyme inhibitors, have established a clear benefit for patients, with a significant reduction in the number of adverse cardiac events. 7, 9 This is in contrast to clinical studies that have used hydralazine and achieved similar reductions in blood pressure but failed to offer the same clinical benefit as RAS inhibition. [48] [49] [50] In the present manuscript, we provide no explanation for this discrepancy. Taken together, these results suggest that blood pressure reduction may not be the sole factor influencing myocardial events such as fibrosis. The data obtained in the present study support the notion that although fibrosis appears to be partly dependent on blood pressure elevation, the antifibrotic properties of hydralazine may extend beyond its antihypertensive effects. We observed a reduction in fibrocyte and fibroblast proliferation in response to hydralazine both in vivo and in vitro. Although discerning the cellular mechanism responsible for this antiproliferative response is beyond the scope of this manuscript, our findings suggest that regulation of the antifibrotic properties of hydralazine, by mechanisms other than the vasodilator effects, should be considered. In summary, we provide evidence that the effects of AngII on the development of myocardial fibrosis appear to be at least partly blood pressure dependent. We also provide evidence that blood pressure elevation seems necessary for early fibrocyte migration and for the development of a profibrotic environment, although the mechanisms for this are unclear at present.
